Although forest health may be difficult to define and measure, a strong demand exists for assessment of forest conditions at various state, regional, and national scales. Forest Health Monitoring (FHM) is a national program designed to measure the status, changes, and trends of forest conditions annually. This report presents a broad view of forest health issues affecting the Interior West region of Montana, Idaho, Wyoming, Utah, Nevada, Colorado, New Mexico, and Arizona. We found that the forests of the Interior West have changed considerably in the past century. What is more difficult to assess is whether humans have promoted change that is irreversible, or whether the change we see in the forested landscape is within healthy bounds. Discussions of forest health and forest cover change, the developed and wildland interface, insect and disease disturbances, watershed health, biodiversity, and air quality comprise the body of this report.
• FHM plot data appear to support the hypothesis of regional aspen decline. Fire suppression, livestock grazing, and ungulate browsing favor encroachment by more shadetolerant conifers where aspen once dominated.
• A pressing regional forest health issue is the rapid expansion of human development near forests. Urban and rural development in or near forested areas brings forth a unique set of concerns, such as loss of forest area and wildlife habitat, wildlife-human encounters, fire protection, fire starts, and forest thinning for life and property protection.
• Insect and disease outbreaks cycle through Interior West forests. Subalpine fir decline and western spruce budworm are on the rise. Infestations may threaten or regulate forests depending on human values and proximity to commercial or residential forests.
• Upland changes in vegetation types and density have drastically altered some watersheds, notably in more arid parts of the region. Forest health directly affects watershed conditions, including water quality, by regulating the amount, timing, and sedimentation of runoff.
Forest Health Highlights
• Regional forests are naturally diverse, from northern Idaho to the Sonoran chaparral. However, people continue to alter biodiversity by introducing exotic plants and animals and by damaging wildlife habitat through forest fragmentation.
• Overall, the air quality in the Interior West is very good. FHM uses vascular plants and lichens as bioindicators of air pollution effects on forests. Some urban areas and point sources have had marked effects on downwind lichen communities surveyed by FHM.
Introduction
T he Interior West includes Montana, Idaho, Wyoming, Utah, Nevada, Colorado, New Mexico, and Arizona.
Forests cover about 25 percent of this region (Powell and others 1993) and provide important recreational opportunities, wildlife habitat, aesthetic benefits, timber products, and watershed values. In some areas, however, human demands of the past century have taxed the health and sustainability of forest ecosystems. Native and exotic pathogens, air pollution, management practices (including logging, grazing, and fire suppression), and climate change are some of the primary stressors that concern the public, private forest landowners, and land managers. These groups share the responsibility for maintaining long-term viability of the region's forests, but until recently they lacked consistent information that spanned ownership and political boundaries.
Monitoring all forest ecosystems is an important first step in fulfilling stewardship responsibilities. Through appraisal of resource conditions, scientists can evaluate change and assess significant trends that may deviate from expected ranges. Forest Health Monitoring (FHM) is a national program designed to determine the status, changes, and trends in forest conditions, (such as species, landscape, and ecosystem health) on an annual basis. The purpose of this initial FHM report is to address the prominent forest health (see sidebar) issues in the Interior West. 
Overview of the Forest Health Monitoring (FHM) Program

Forest sustainability criteria
The United States is committed to reporting on the criteria and indicators of sustainable forests found in the Santiago Declaration-Montreal Process (Anonymous 1997 
Scope of Report
This report addresses forest health in two ways: by discussing forest-related issues and by summarizing data in several appendices. FHM is a long-term monitoring program; therefore, the data presented in this report must be viewed in that light. This report presents a first-time, or baseline, summary. Subsequent reports will address trends as the current plots and other detection surveys are remeasured.
In this report, we first describe the forest resource to familiarize the reader with regional forest cover, ecoregion, and ownership patterns. The body of this report will focus on the following forest-related issues in the Interior West today:
1. Forest Cover Change addresses successional changes in species composition that appear to significantly deviate from patterns found a century ago. Does this change signal a distressed forest resulting from poor management, or is this simply a healthy forest developing along an alternative course? 2. Human-populated forests are a special concern and may affect our perception of healthy forests in a Developed and Wildland Interface setting. On these lands, many would agree that additional management of forests is warranted to protect lives and property.
3. Insect and Disease Disturbances fluctuate over time.
We will examine some of the primary agents currently at work in this region.
4. Watershed Health is a critical issue throughout the region. How do our forest management actions affect water quality and quantity? 5. Biodiversity is a long-standing issue of concern with the public. We need to objectively and consistently address regional diversity, including impacts from exotic species.
6. Poor Air Quality can broadly affect the health and vigor of forests. FHM measures impacts of air quality on forest ecosystems using bioindicator plants.
A brief look at emerging issues follows specific issue discussions.
Data summaries from FHM plot data are found in these appendices: 
The Forest Resource
T he Interior West is noted for its variety of forest cover, from moist cedar-hemlock in the north, to high elevation spruce-fir, to dry pinyon-juniper in the high deserts. It is important to acknowledge the diversity of regional forests before proceeding to issue discussions. A regional forest health assessment is really a compilation of many issues applied to a variety of forest conditions. This section will briefly describe the forest types, ecological divisions, and land ownerships that often frame and complicate issues. Previous state inventory reports provide more detailed information on ownership and forest cover (for example, O'Brien 1999; or Brown and Chojnacky 1996) . Additional sources on the region's geography and related forest health references are found in appendix H.
Forest Types
Forest type is generally synonymous with forest cover, or the dominant tree species in the overstory at a given site. 
Ecoregions of the Interior West
The forest health issues addressed in this report cross forest type, ownership, and political boundaries. Past efforts to assess forest conditions were often hindered by incompatible data within agencies and across political boundaries. A practical approach to large-scale forest health issues is to use nonpolitical land divisions, such as ecoregions, to objectively assess contiguous forests. Bailey's (1995) . Forest Health Monitoring can measure change in species composition, forest structure, and frequency of disturbance by using species make-up, size, age, and relative dominance of all trees on a particular site. FHM also describes the condition of individual trees through assessing growth, mortality, regeneration, damage, and estimates of crown conditions. All of these variables affect forest cover and may be used to assess long-term change.
Forest Health Issues in the Interior
This section explores aspen forests as an example of regional cover change. There are some commonalities found between aspen and other tree species in this region; for example, the proliferation of shade-tolerant species where fire regimes have been altered. However, beyond their affinity for disturbance, aspen, ponderosa pine, and western white pine react very differently depending on post-disturbance interactions of climate, insects, disease, reproductive strategies, and other factors.
Aspen cover throughout the West appears to be decreasing (Brown 1995; Bartos and Campbell 1998; Rogers and others 1998; Rogers 2001) . Shifts in forest cover occur over decades, or even centuries, so they may not be obvious to many forest visitors. Nonetheless, cover changes have far-reaching effects on a forest's susceptibility to fire, insects, or disease. Aspen, the predominant deciduous tree of the Interior West, also supports a unique range of understory plants and lichens that would likely decline with a loss in aspen overstory. Finally, aspen are highly valued as a regional aesthetic resource, providing an autumn shock of yellow among the sea of evergreen.
Aspen is one of a few tree species that readily regenerates after fire. Because aspen primarily regenerate by suckering from underground root stock (see Romme and others 1997 for exceptions), they maintain a certain advantage over other species whose reproductive parts (cones and seeds) are often consumed by fire or take longer to establish when they are not burned. It appears that a sharp reduction in regular burn events in the past century has led to a significant drop in aspen regeneration. Moreover, when disturbance is delayed in some stands, older aspen will eventually be replaced by competing conifers at about 80-150 years (Mueggler 1985) . FHM data show that the average age of aspen forest types is 68 years, while the average age of nonaspen forest type stands (with aspen present) is 89 years. So, while few stands are regenerating due to the lack of fire, older stands of aspen are being replaced by shade-tolerant conifers. This basic formula, in combination with other factors such as grazing and browsing of seedlings, appears to be causing a decline in aspen type area.
In Idaho, Wyoming, and Colorado most aspen stands are in the Southern Rockies ecoregion. FHM plots in these states with aspen present were plotted on the map shown here (figure 4). Data from Utah and Nevada have not yet been compiled for this analysis. These plots may be logically split into aspen forest type (plots dominated by aspen) and plots dominated by other species where aspen is still present. Fifty percent of the forested plots with aspen present are now dominated by more shade-tolerant species. Previously, aspen was the dominant species found in an unknown (presumably larger) portion of these plots where it is currently only present in small numbers (Bartos and Campbell 1998; O'Brien 1999) .
Lack of large-scale disturbance has favored conifer species on these sites. The Southern Rockies appear to be more conducive to aspen establishment than surrounding provinces Plots taken in aspen forest types appear to represent the stable portion of the aspen community regionally. Further analysis of stand structure, regeneration, damage, mortality, and age reveals that an additional 21 percent of aspen forest type plots were found to be unstable (in transition toward other forest types) in the absence of disturbance (Rogers 2001) . Plots were considered unstable by statistical ranking of 10 tree-related variables: 1) stand age; 2) other species present; 3) aspen saplings present; 4) other species' saplings present; 5) aspen in lower canopy; 6) stand age 90 years or greater; 7) aspen mortality greater than 10 percent; 8) severe damage (conks, decays, cankers, and open wounds) greater than 20 percent; 9) presence of a second forest condition (forest type) of conifers; and 10) percent of conifer trees and saplings.
Another view of aspen community health is physical tree damage. Though deciduous trees typically display more tree damage than evergreens, aspens had a higher percentage of damage than any other major species (appendix E). Aspen also led all species in the most serious forms of damage, "cankers" and "decay." Seventy-three percent of all aspen damages observed were in these two most serious categories. 
Developed and Wildland Interface
The developed and wildland interface includes expanding urban areas, rural developments and vacation homes, and public parks, campgrounds, and other recreational facilities in or near forests. A marked increase in development around forested lands has been particularly noticeable within the last 10 to 20 years. Data from the U.S. Bureau of Census (1990) indicates a net increase in population in the region. Six of the top 10 fastest growing states in the nation are found in the Interior West: Nevada, Idaho, Arizona, Colorado, Utah, and New Mexico .
Over the past 150 years, land has been used for farming, grazing of livestock, mining, and the production of timber. Recently, with the large influx of people, land prices have increased, making it more profitable to sell parcels for building sites than to use them in traditional ways. Rural development may also lead to losses in recreation and aesthetic opportunities associated with less-developed lands.
In general, human values surrounding the management of interface lands are slowly changing from "living off the land" to "living in the land." Newcomers to the region are probably accelerating this change in attitude. In the context of forest health, increased development of forests will initiate more intensive management when disturbance agents either rapidly or gradually change surrounding forest conditions. For instance, a bark beetle infestation may leave a forest of large dead trees adjacent to valuable homes. These trees may damage property as they eventually topple, or they may present a more acute wildfire hazard in particulary dry years.
Potential forest developers and owners buy home sites for their current aesthetic properties but often are unaware of changing conditions and potential hazards of interface areas.
There are many preventive measures that can be taken to buffer homes from wildfire threats, including not building in fire-prone areas in the first place (Fuller 1991 With data from FHM plots, in conjunction with aerial surveys, we can begin to assess the regional extent of this issue and inform the public on recommendations for hazard prevention in highly susceptible areas. Maps of tree cover, damage, fire susceptibility, human development, and population growth are the first step in assessing the extent of the problem. In most cases private landowners will make the ultimate decisions on what actions are taken. However, adjacent public wildlands will likely be subjected to more intensive management where private properties will be affected by runaway fires or insect infestations.
Insect and Disease Disturbances
While tree-ring analysis has aided our understanding of presettlement fire regimes considerably, much less is known about long-term human impacts, if any, on insect and disease disturbances (Swetnam and Betancourt 1998) . We do know that climate plays an important role in these events. Interior Soil that is eroded from disturbances in riparian or upland areas is being deposited into streams. This adversely affects water quality and aquatic habitats in most streams where it does occur. Also, high-intensity wildfires in dense forests often lead to short-term intensification of soil erosion and sediment delivery to streams. Soil disturbance is particularly acute after heavy rain or snowmelt events in the months following a burn (Davenport and others 1998) .
Our understanding of watershed and forest health interactions is limited because they occur over vast areas that transcend multiple ecological zones. However, we do know that streams experience long-and short-term disturbance regimes just as forests do. In the past there were undoubtedly shifts in stand densities, fluctuations in forest disturbance regimes, and climatic shifts that caused widely varying hydrologic cycles and fluvial disturbances. It is difficult to separate longterm vegetation and disturbance patterns from current forest health assessments. This rule applies equally to watershed health. Although we know that people have drastically altered some watersheds, we must also realize that periodic flooding, slope failure, and erosion will take place on forested landscapes that have been marginally affected by human actions. Forest measurements collected through the FHM program and related studies will help us to better understand some of these interactions. Previous management practices in this region over the past century, notably fire suppression and logging, have reduced the percentages of young and old stands, while increasing the percentage of mid-age forests (Langner and Flather 1994) . Great reductions in some forest types, such as western white pine and aspen, may result in reduced regional diversity through the loss of associated plant and animal communities. Native diversity is best maintained with a variety of forest type and stand structure conditions across a landscape or region (Halpern and Spies 1995) . FHM will assess human impacts on biodiversity by using plot data in combination with pertinent studies conducted elsewhere, for example remote sensing projects already underway (Merrill and others 1995) . As part of the current FHM plot protocol, field crews note recent natural and human disturbances. Documentation of plot disturbances can be classified and compared to the number and type of plant species found on plots as an indicator of human effects on species diversity and richness (Stapanian and others 1998) . FHM will also use soil and erosion data, in part, to document how recent disturbance has affected basic soil properties. Significant alteration of the soil can affect the types and richness of communities that can be supported. Overall, the long-term assessment of regional diversity will involve a concerted effort to integrate several types of monitoring activities currently being implemented by agencies and universities around the region.
Biodiversity
Air Quality
Forest Health Monitoring is concerned with the effects of air quality on forest vegetation. In areas of consistently poor air quality, certain plants such as the shrub ninebark *Data presented here represent the number of standard deviations from the raw air quality score. These values are derived from an adjustment made to the raw air quality scores based on elevation.
Emerging Issues
The discussion of forest health issues in the preceding sections was not meant to be all encompassing. New issues will emerge, others will decline in prominence, and some will remain with us for decades. Moreover, local issues are too numerous to address regionally, and the FHM design makes it impossible to address issues at finer scales without plot presented an overview of forest-related issues affecting the Interior West today. This region covers many ecological provinces, so analysis will be difficult because of this breadth.
FHM was conceived to detect changes at ecoregional, regional, and national levels. In effect, both the plot and survey components of FHM act as a "broad net approach" to monitoring forests. Some issues, such as monitoring endangered species, will be better dealt with at smaller geographic scales or with more intense surveys designed for specific concerns.
Issues of concern today may only be fully understood 
